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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a method of 
epitaxially growing a semiconductor crystal by introduc- 
ing a material or a material gas into a crystal growth ap- 
paratus, and more particularly to a method of epitaxially 
growing a semiconductor crystal while controlling the 
growth rate of a crystal film being grown, the composi- 
tion ratio of a mixed crystal, and the density of an impu- 
rity during epitaxial growth of the semiconductor crystal. 

Description of the Prior Art: 

[0002] It is very important to control the growth rate of 
a crystal film that is being grown in the epitaxial growth 
of a semiconductor crystal. 

[0003] Heretofore, it has been customary in molecular 
beam epitaxy and migration enhanced epitaxy to meas- 
ure the thickness of a crystal film being grown using vi- 
brations of reflection high-energy electronic diffraction 
(RHEED) and adjust the rate at which the material evap- 
orates based on the measured thickness for thereby 
controlling the growth rate of the crystal film in terms of 
molecular layers. 

[0004] The above growth rate control process is re- 
ported in an article written by T. Sakamoto, et al., Jpn. 
J. Appl. Phys. Vol. 23, No. 9, PPL657 ~ L659 (1984). 
[0005] Actually, in the reported growth rate control 
process, a crystalline substrate is rotated while a crystal 
film is being grown on the crystalline substrate in order 
to uniformly planarize the crystal film. 
[0006] When a crystal film is grown on a crystalline 
substrate while the crystal line substrate is being rotated, 
however, since the direction of the crystal axis and the 
direction of a high-energy electron beam are varied by 
the rotation of the crystalline substrate, it is practically 
impossible to control the growth rate of the crystal film 
accurately based on the measured data produced by the 
RHEED process. 

[0007] At present, therefore, the growth rate of a crys- 
tal film being grown is controlled under the conditions 
which are the same as growth conditions that are ob- 
tained when the crystalline substrate is not rotated. 
Such a growth rate control procedure is complex and 
time-consuming as it requires adjustment of the evapo- 
ration rate of a material within a crystal growth apparatus 
using a crucible that are controlled in temperature highly 
accurately. 

[0008] Application of a high -energy electron beam to 
the surface of a crystal film being grown tends to cause 
imperfections in the crystal. 

[0009] Another problem of the conventional growth 
rate control practice is that because of the electron 
beam used, an ultra-high vacuum must be developed in 



the crystal growth apparatus. 

[0010] Furthermore, the RHEED process is designed 
to measure the thickness of a crystal film that is formed 
of only one material. When a crystal film is grown from 

£ a plurality of materials, it is impossible to measure and 
control the composition ratio of and the density of impu- 
rities in the mixed crystal that is grown. 
[0011] It is an object of the present invention to pro- 
vide a method of epitaxially growing a semiconductor 

io crystal on a crystalline substrate, which method is ca- 
pable of growing the semiconductor crystal while rotat- 
ing the crystalline substrate to uniformly planarize a 
crystal film for easily controlling the growth rate of the 
crystal film without adversely affecting the crystal when 

is it is grown, can be carried out not only in an ultra-high 
vacuum but also under atmospheric pressure, and is al- 
so capable of measuring and controlling the composi- 
tion ratio of and the density of impurities in a mixed crys- 
tal that is grown from a plurality of materials. 

20 [0012] According to the present invention, there is 
provided method of epitaxially growing a semiconductor 
crystal in a crystal growth apparatus, comprising 

introducing a material gas and an impurity or an im- 
2s purity gas into a crystal growth chamber to grow a 

crystal film on a substrate therein; 
. applying a light beam from a variable-wavelength 

light source to the crystal film being grown on the 

substrate while varying the wavelength of the light 
30 beam; 

measuring the dependency on the wavelength of 

the light beam of the intensity of light reflected or 

diffused by the crystal film; 

selecting an optimum wavelength for measurement 
35 depending on the type of adsorbed molecules of the 
introduced material gas while the crystal film is be- 
ing grown, by using the correlation between the rate 
of change of the reflected or diffused light intensity 
and the film thickness per cycle; 
40 applying light at the optimum wavelength to the 
crystal film being grown; 

measuring a time-dependent change in the intensi- 
ty of the light reflected or diffused by the crystal film; 
and 

45 based on the time-dependent change in the inten- 
sity of light measured, adjusting the rate at which 
the material gas is introduced into the crystal growth 
chamber to control the growth rate of the crystal 
film, the composition ratio of a mixed crystal thereof, 

50 and the density of the impurity therein. 

[0013] The variable- wave length light source may 
comprise a source of white light and a spectroscope for 
producing light at a selected wavelength from the white 
55 light. Alternatively, the variable-wavelength light source 
may be a variable-wavelength laser beam source. 
[0014] The crystal growth apparatus may comprise a 
molecular layer epitaxy apparatus, a molecular beam 
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epitaxy apparatus, a metal organic chemical vapor dep- 
osition apparatus, a chloride gas phase growth appara- 
tus, or a hydride gas phase growth apparatus. The crys- 
tal growth apparatus has the variable-wavelength light 
source and detecting means for detecting the depend- 
ency, on the wavelength of the light beam, of the inten- 
sity of light reflected or diffused by the crystal film and 
the time-dependent change in the intensity of light re- 
flected or diffused by the crystal film. 
[001 5] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

FIG. 1 is a schematic view, partly in block form, of 
a molecular layer epitaxy apparatus for growing a 
GaAs crystal film, the apparatus being used to carry 
out a method of epitaxially growing a semiconductor 
crystal according to the present invention; 
FIG. 2 is a diagram showing the manner in which 
the intensity of light reflected from the GaAs crystal 
film varies when the GaAs crystal film is grown in 
the molecular layer epitaxy apparatus shown in 
FIG. 1; 

FIG. 3 is a graph showing the correlation between 
the rate of change of a reflected light intensity and 
a film thickness per cycle in the molecular layer epi- 
taxy apparatus shown in FIG. 1; 
FIG. 4 is a schematic view, partly in block form, of 
a metal organic chemical vapor deposition appara- 
tus which is used to carry out the method according 
to the present invention; and 
FIG. 5 is a schematic view, partly in block form, of 
a molecular beam epitaxy apparatus which is used 
to carry out the method according to the present in- 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] The principles of the present invention will be 
described below as being applied to the epitaxial growth 
of a GaAs film. 

[0018] FIG. 1 shows a molecular layer epitaxy appa- 
ratus for growing a GaAs film, the apparatus being used 
to carry out a method of epitaxially growing a semicon- 
ductor crystal according to the present invention. The 
molecular layer epitaxy apparatus shown in FIG. 1 is re- 
ported in an article written by J. Nishizawa, H. Abe, and 
T. Kurabayashi, J. Electrochem. Soc. 132 (1985), pp 
1197 - 1200. 

[0019] The molecular layer epitaxy apparatus shown 



in FIG. 1 , which is generally designated by th reference 
numeral 30, includes a sealed container 31 having a 
gate valve 1 3 and a evacuating device 1 4 such as a tur- 
bo molecular pump or the like which is positioned below 

5 the gate valve 13. The sealed container 31 also has a 
crystal growth chamber 32 disposed above the gate 
valve 1 3. The crystal growth chamber 32 houses a sus- 
ceptor 11 which supports a substrate 10 of monocrys- 
talline GaAs thereon. 

io [0020] The crystal growth chamber 32 also accommo- 
dates a plurality of material gas inlet nozzles 9a dis- 
posed above and directed toward the substrate 10 and 
a plurality of impurity gas inlet nozzles 9b also disposed 
above and directed toward the substrate 10. The mate- 

*5 rial gas inlet nozzles 9a and the impurity gas inlet noz- 
zles 9b are positioned in confronting relationship to each 
other. The material gas inlet nozzles 9a are coupled to 
respective control valves 8a that are electrically con- 
nected to a control system 12. The impurity gas inlet 

20 nozzles 9b are coupled to respective control valves 8b 
that are also electrically connected to the control system 
12. 

[0021] A lamp 7 for heating the substrate 10 is dis- 
posed in a casing 7a supported on the top of the crystal 
25 growth chamber 32. The casing 7a has a pair of light 
inlet and outlet windows 6a, 6b disposed one on each 
side of the lamp 7 for passing a beam of light there- 
through. The light inlet and outlet windows 6a, 6b are 
oriented such that the beam of light passing there- 
to through is applied to and reflected from the substrate 1 0 
at respective angles 61 , 62 with respect to the vertical 
direction. 

[0022] When the substrate 1 0 grows on the susceptor 
1 1 , a light beam having a desired wavelength is applied 

35 from a variable- wave length light source 35 to the sub- 
strate. 10 at the angle 61 . The variable-wavelength light 
source 35 comprises a source 1 of white light, a mirror 
5, a spectroscope 1\ and a mirror 5\ The light emitted 
from the source 1 is reflected by the mirror 5 to the spec- 

40 troscope 1 ', which produces a desired component wave- 
length. The light produced by the spectroscope 1 ' is re- 
flected by the mirror 5' toward the light inlet window 6a. 
The variable-wavelength light source 35 is positioned 
above the light inlet window 6a, and a chopper 2 is in- 

45 terposed between the variable-wavelength light source 
35 and the light inlet window 6a for chopping the light 
emitted from the variable-wavelength light source 35. 
[0023] Alternatively, the variable-wavelength light 
source 35 may be a variable-wavelength laser beam 

so source. 

[0024] A light detector 4 such as an Si photodiode or 
the like is positioned above the light outlet window 6b 
for detecting the light beam reflected from the substrate 
10 and passing through the light outlet window 6b. 
55 [0025] The chopper 2 and the light detector 4 are elec- 
trically connected to a lock-in amplifier 3 which in turn 
is electrically connected to the control system 12. A dis- 
play unit 1 5 and a recorder 1 6 are electrically connected 
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to the lock-in amplifier 3. 

[0026] Operation of the molecular layer epitaxy appa- 
ratus 30 shown in FIG. 1 operates as follows: 
[0027] First, the control system 1 2 controls the control 
valves 8a, 8b to supply a material gas containing Ga, a 
material gas containing As, and an impurity gas through 
the materia! gas inlet nozzles 9a and the impurity gas 
inlet nozzles 9b into the crystal growth chamber 31 . The 
material gases are alternately supplied into the crystal 
growth chamber 31 . In the crystal growth chamber 31 , 
the material and impurity gases are applied to the sub- 
strate 10 that is controlled in temperature by the lamp 
7, for thereby epitaxially growing a GaAs crystal film on 
the substrate 1 0. 

[0028] The intensity of a light beam reflected from the 
GaAs crystal film as it grows on the substrate 10 is 
measured to determine its dependency on the wave- 
length of the light beam. More specifically, while the 
wavelength of the light emitted from the wavelength-var- 
iable light source 35 is being varied by the spectroscope 
V, the light beam reflected by the mirror 5' is chopped 
by the chopper 2. The chopped light beam is applied 
through the light inlet window 6a to the GaAs crystal film 
being grown, and is reflected from the GaAs crystal film 
through the outlet window 6b to the light detector 4, 
which detects the intensity of the reflected light beam. 
[0029] The light detector 4 applies an output signal, 
indicative of the detected intensity, to the lock-in ampli- 
fier 3 that applies a processed signal to the control sys- 
tem 1 2, the display unit 1 5, the recorder 1 6. At this time, 
the spectroscope 1' supplies a wavelength signal to the 
display unit 15 and the recorder 16 to enable them to 
display and record intensity vs. wavelength character- 
istics. 

[0030] The operator then observes displayed and re- 
corded intensity vs. wavelength characteristics, and se- 
lects an optimum wavelength (which is a maximum-am- 
plitude wavelength in most cases) for the measurement 
of the growth of monoc ry stall in e GaAs. Thereafter, light 
is applied at the selected wavelength to the GaAs crystal 
film being grown on the substrate 10, and a time-de- 
pendent change in the intensity of the light reflected from 
the GaAs crystal film is measured. 
[0031] FIG. 2 shows the manner in which the intensity 
of light reflected from the GaAs crystal film varies and 
the sequence in which the material gases are introduced 
when the GaAs crystal film is epitaxially grown by the 
molecular beam epitaxy apparatus 30. 
[0032] As seen from FIG. 2, when the light beam ap- 
plied to the GaAs crystal film has a wavelength X n (nm), 
the intensity of the reflected light increases with time up- 
on introduction of triethyl gallium (TEG) as the material 
gas containing gallium (Ga), and decreases with time 
upon introduction of arsine (AsH 3 ) as the material gas 
containing arsenic (As). Conversely, when the light 
beam applied to the GaAs crystal film has a wavelength 
^2 (nm), the intensity of the reflected light decreases 
with time upon introduction of triethyl gallium, and in- 



creases with time upon introduction of arsine. 
[0033] FIG. 3 illustrates the correlation between the 
rate of change of the intensity of the reflected light with 
respect to an intensity base line (which indicates the re- 

s fleeted light intensity when no crystal growth occurs) and 
a film thickness per cycle for the wavelengths X 1 , 
when the GaAs crystal film is epitaxially grown by the 
molecular layer epitaxy apparatus 30. 
[0034] The information about the amount of the impu- 

10 rity being doped and the composition of the mixed crys- 
tal can be obtained using the wavelength-dependency 
of the reflected light intensity depending on the intro- 
duced material gas, i.e., the type of adsorbed mole- 
cules, and the correlation between the rate of change of 

'5 the reflected light intensity and the film thickness per cy- 
cle. Therefore, the amount of the impurity being doped 
and the composition of the mixed crystal can be control- 
led. 

[0035] The wavelength of the light emitted from the 

20 variable- wavelength light source 35 is fixed to the opti- 
mum wavelength, i.e., the maximum-amplitude wave- 
length X x . Then, as shown in FIG. 1, the output signal 
from the lock-in amplifier 3 is supplied to the control sys- 
tem 12, which stores in advance a change in the reflect- 

2S ed light intensity at the wavelength , corresponding to 
the film thickness per cycle. When a change in the out- 
put signal from the lock-in amplifier 3 reaches the stored 
change in the reflected light intensity, the introduction of 
the material gases is stopped. In this manner, the growth 

30 rate of the GaAs crystal film being grown on the sub- 
strate 1 0 can be controlled with accuracy in terms of mo- 
lecular layers to obtain a desired film thickness. 
[0036] In the event that a nucleus is formed on the 
surface of the crystal film being grown, it diffuses the 

35 applied light, resulting in a reduction in the reflected light 
intensity. To avoid such a drawback, the material gases 
are controlled by the control system 1 2 to minimize such 
a reduction in the reflected light intensity for thereby de- 
veloping a step-flow growth condition. As a result, the 

40 surface of the GaAs crystal film can be made flat in 
atomic levels. 

[0037] The light emitted from the variable-wavelength 
light source 35 may be infrared radiation, visible light, 
or ultraviolet radiation. Since the intensity of the reflec- 
ts tion of such light is measured, the GaAs crystal being 
grown is not adversely affected thereby. 
[0038] Because infrared radiation, visible light, or ul- 
traviolet radiation is used, it is not necessary to develop 
an ultra-high vacuum in the crystal growth apparatus as 
so is the case with the conventional apparatus which em- 
ploys the RHEED. As the light applied to the GaAs crys- 
tal film is emitted from the light source external to the 
crystal growth chamber, the pressure in the crystal 
growth chamber may be atmospheric pressure or high- 
55 er. Therefore, the method according to the present in- 
vention is applicable to crystal growth in a wide range 
of pressures in the crystal growth chamber. 
[0039] The reflected light intensity varies irrespective 
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of the crystal axis except for certain special cases. 
Therefore, the crystal film may be grown on the sub* 
strata 10 while the substrate 10 is being rotated for uni- 
formly planarizing the crystal film. As a consequence, 
the growth rate of the crystal film being grown on the s 
substrate 10 can be controlled with accuracy in terms of 
molecular layers. 

[0040] The molecular layer epitaxy apparatus 30 may 
be used as an epitaxy apparatus for epitaxially growing 
an Si layer. In such an epitaxy apparatus, a crystal of 10 
monocrystalline Si is used in place of the monocrystal- 
line substrate 10 of GaAs, and the crystal growth cham- 
ber 32 is supplied with a material gas containing Si and 
hydrogen instead of the material gas containing Ga and 
the material gas containing As. is 
[0041] FIG. 4 shows a metal organic chemical vapor 
deposition (MO-CVD) apparatus 30', which is one of 
GaAs vapor phase growth apparatus, for growing a 
GaAs film, the apparatus being used to carry out the 
method according to the present invention. 20 
[0042] As shown in FIG. 4, the MO-CVD apparatus 
30' has a cylindrical reaction tube 20 of quartz having a 
gas inlet port 33 on one end and a gas outlet port 34 on 
the opposite end. The gas inlet port 33 is connected to 
a gas supply nozzle 21 for supplying a material gas and 
a gas containing a dopant, the gas supply nozzle 21 be- 
ing connected to a plurality of control valves 23. The 
control valves 23 are electrically connected to a control 
system 12'. 

[0043] The reaction tube 20 houses a susceptor 1 8 of 
quartz and a substrate 1 7 of monocrystalline GaAs. The 
reaction tube 20 is surrounded by a heater 1 9. 
[0044] The reaction tube 20 has a pair of light inlet 
and outlet windows 22a, 22b disposed one on each side 
of the heater 1 9 for passing a beam of light therethrough. 
The light inlet and outlet windows 22a, 22b are oriented 
such that the beam of light passing therethrough is ap- 
plied to and reflected from the substrate 1 7 at respective 
angles 81 \ 92' with respect to the vertical direction. 
[0045] A variable-wavelength light source 35', which 
is identical to the variable-wavelength light source 35 
shown in FIG. 1 , applies a light beam at a desired wave- 
length through the light inlet window 22a to the substrate 
17. 

[0046] The variable-wavelength light source 35' is po- 
sitioned above the light inlet window 22a, and a chopper 
2 is interposed between the variable-wavelength light 
source 35' and the light inlet window 22a for chopping 
the light emitted from the variable-wavelength light 
source 35'. 

[0047] A light detector 4 such as an Si photodiode or 
the like is positioned above the light outlet window 22b 
for detecting the light beam reflected from the substrate 
17 and passing through the light outlet window 22b. 
[0048] The chopper 2 and the light detector 4 are elec- 
trically connected to a lock-in amplifier 3 which in turn 
is electrically connected to the control system 1 2\ A dis- 
play unit 1 5 and a recorder 1 6 are electrically connected 



to the lock-in amplifier 3. 

[0049] A semiconductor crystal is epitaxially grown on 
the substrate 17 in the MO-CVD apparatus 30' as fol- 
lows: 

[0050] A material gas containing Ga, and a material 
gas containing As are alternately supplied by the control 
system 12* into the reaction tube 20 to epitaxially grow 
a GaAs crystal film on the substrate 17 while the control 
system 1 2* is controlling the time in which the material 
gases are introduced and the time in which the reaction 
tube 20 is evacuated. 

[0051] Then, the dependency of the intensity of a light 
beam reflected from the GaAs crystal film as it grows on 
the substrate 17 on the wavelength of the light beam is 
measured. More specifically, while the wavelength of 
the light emitted from the wavelength-variable light 
source 35* is being varied by the spectroscope 1 ', the 
light beam reflected by the mirror 5 1 is chopped by the 
chopper 2 and applied through the light inlet window 22a 
to the GaAs crystal film being grown, and is reflected 
from the GaAs crystal film through the outlet window 22b 
to the light detector 4, which detects the intensity of the 
reflected light beam. 

[0052] The light detector 4 applies an output signal, 
indicative of the detected intensity, to the lock-in ampli- 
fier 3 that applies a processed signal to the display unit 
15 and the recorder 16. At this time, the spectroscope 
V supplies a wavelength signal to the display unit 15 
and the recorder 1 6 to enable them to display and record 
intensity vs. wavelength characteristics. 
[0053] The operator then observes displayed and re- 
corded intensity vs. wavelength characteristics, and se- 
lects an optimum wavelength for the measurement of 
the growth of monocrystalline GaAs. Thereafter, light is 
applied at the selected wavelength to the GaAs crystal 
film being grown on the substrate 17, and a time-de- 
pendent change in the intensity of the light reflected from 
the GaAs crystal film is measured. 
[0054] Using the wavelength-dependency of the re- 
flected light intensity depending on the introduced ma- 
terial gas, i.e., the type of adsorbed molecules, and the 
correlation between the rate of change of the reflected 
light intensity and the film thickness per cycle, the infor- 
mation about the amount of the impurity being doped 
and the composition of the mixed crystal is obtained. 
The amount of the impurity being doped and the com- 
position of the mixed crystal are controlled while the 
GaAs crystal film is being grown. 
[0055] The change in the reflected light intensity at the 
optimum wavelength is also supplied from the lock-in 
amplifier 3 to the control system 1 2'. When a change in 
the output signal from the lock-in amplifier 3 reaches the 
change in the reflected light intensity which corresponds 
to the film thickness per cycle, the control system 1 2* 
closes the control valves 23 to stop the introduction of 
the material and dopant gases. In this manner, the 
growth rate of the GaAs crystal film being grown on the 
substrate 17 can be controlled to obtain a desired film 
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thickness. 

[0056] The method according to the present invention 
is also applicable to a vapor phase growth process using 
GaCI 3 and AsH 3> a chloride vapor phase growth process 
using Ga-AsCI 3 -H 2> and a hydride vapor phase growth 
process using Ga-AsH 3 -HCI. 

[0057] FIG. 5 shows a molecular beam epitaxy appa- 
ratus 30", which is one of GaAs vapor phase growth ap- 
paratus, for growing a GaAs film, the apparatus being 
used to carry out the method according to the present 
invention. 

[0058] As shown in FIG. 5, the molecular beam epi- 
taxy apparatus 30" has a sealed container which defines 
a crystal growth chamber 26 which creates an ultra-high 
vacuum therein. An evacuating device such as an ion 
pump, a turbo molecular pump or the like is connected 
to the bottom of the crystal growth chamber 26. 
[0059] A heater 24 for heating a substrate is disposed 
in the crystal growth chamber 26 and supported on the 
top thereof. A substrate 25 of monocrystalline GaAs is 
positioned closely beneath the heater 24. A plurality of 
crucibles 27 for heating materials containing Ga, As are 
disposed in the crystal growth chamber 26 and support- 
ed on the bottom thereof. Each of the crucibles 27 has 
an opening associated with a shutter 28 for controlling 
a molecular beam. 

[0060] The crystal growth chamber 26 has, on its con- 
fronting side walls, a pair of light inlet and outlet windows 
29a, 29b disposed for passing a beam of light there- 
through. The light inlet and outlet windows 29a, 29b are 
oriented such that the beam of light passing there- 
through is applied to and reflected from the substrate 25 
at respective angles 61 62" with respect to the vertical 
direction. 

[0061] A variable-wavelength light source 35", which 
is identical to the variable-wavelength light source 35 
shown in FIG. 1 , applies a tight beam at a desired wave- 
length through the light inlet window 29a to the substrate 

25. 

[0062] The variable-wavelength light source 35" is po- 
sitioned laterally outwardly of the light inlet window 29a, 
and a chopper 2 is interposed between the variable- 
wavelength light source 35" and the light inlet window 
29a for chopping the light emitted from the variable- 
wavelength light source 35". 

[0063] A light detector 4 such as an Si photodiode or 
the like is positioned laterally outwardly of the light outlet 
window 29b for detecting the light beam reflected from 
the substrate 25 and passing through the light outlet win- 
dow 29b. 

[0064] The chopper 2 and the light detector 4 are elec- 
trically connected to a lock-in amplifier 3 which in turn 
is electrically connected to the control system 1 2". A dis- 
play unit 1 5 and a recorder 16 are electrically connected 
to the lock-in amplifier 3. 

[0065] The control system 1 2" is also electrically con- 
nected to an electric system of the crystal growth cham- 
ber 26, and the electric system is electrically connected 



to the shutters 28 and other accessory devices. 
[0066] A semiconductor crystal is epitaxially grown on 
the substrate 25 in the molecular beam epitaxy appara- 
tus 30" as follows: 

[0067] The control system 12" controls the shutters 
28 to supply molecular beams of Ga, As alternately to 
the substrate 25 for thereby growing a GaAs crystal lay- 
er on the substrate 25. 

[0068] Then, the dependency of the intensity of a light 
beam reflected from the GaAs crystal film as it grows on 
the substrate 25 on the wavelength of the light beam is 
measured. More specifically, while the wavelength of 
the light emitted from the wavelength-variable light 
source 35" is being varied by the spectroscope V, the 
light beam reflected by the mirror 5' is chopped by the 
chopper 2 and applied through the light inlet window 29a 
to the GaAs crystal film being grown, and is reflected 
from the GaAs crystal film through the outlet window 22b 
to the light detector 4, which detects the intensity of the 
reflected light beam. 

[0069] The light detector 4 applies an output signal, 
indicative of the detected intensity, to the lock-in ampli- 
fier 3 that applies a processed signal to the display unit 
15 and the recorder 16. At this time, the spectroscope 
V supplies a wavelength signal to the display unit 15 
and the recorder 1 6 to enable them to display and record 
intensity vs. wavelength characteristics. 
[0070] The operator then observes displayed and re- 
corded intensity vs. wavelength characteristics, and se- 
lects an optimum wavelength for the measurement of 
the growth of monocrystalline GaAs. Thereafter, light is 
applied at the selected wavelength to the GaAs crystal 
film being grown on the substrate 25, and a time-de- 
pendent change in the intensity of the light reflected from 
the GaAs crystal film is measured. 
[0071] Using the wavelength-dependency of the re- 
flected light intensity depending oh the introduced ma- 
terial gas, i.e., the type of adsorbed molecules, and the 
correlation between the rate of change of the reflected 
light intensity and the film thickness per cycle, the infor- 
mation about the amount of the impurity being doped 
and the composition of the mixed crystal is obtained. 
The amount of the impurity being doped and the com- 
position of the mixed crystal are controlled while the 
GaAs crystal film is being growth. 
[0072] The change in the reflected light intensity at the 
optimum wavelength is also supplied from the lock-in 
amplifier 3 to the control system 12". When a change in 
the output signal from the lock-in amplifier 3 reaches the 
change in the reflected light intensity which corresponds 
to the film thickness per cycle, the control system 12' 
closes the shutters 28 to stop the application of the mo- 
lecular beams. In this manner, the growth rate of the 
GaAs crystal film being grown on the substrate 25 can 
be controlled to obtain a desired film thickness with the 
accuracy in terms of molecular layers. 
[0073] The conventional RHEED process which utiliz- 
es electron beam diffraction is required to align the crys- 
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tal axis and the high-energy electron beam, and unable 
to grow a crystal on a substrate while the substrate is 
being rotated. The reflected light intensity varies irre- 
spective of the crystal axis. Therefore, the crystal film 
may be grown on the substrate 25 while the substrate 
25 is being rotated for uniformly planarizing the crystal 
film. 

[0074] The principles of the present invention are also 
applicable to other epitaxy processes such as MLE and 
VPE. The parameters in the growth process may also 
be monitored when changes in the intensity of diffused 
light, rather than reflected light, are measured. 



Claims 

1. A method of epitaxially growing a semiconductor 
crystal in a crystal growth apparatus, comprising 

introducing a material gas and an impurity or 
an impurity gas into a crystal growth chamber 
(32) to grow a crystal film on a substrate (10) 
therein; 

applying a light beam from a variable-wave- 
. length light source (35) to the crystal film being 
grown on the substrate (10) while varying the 
wavelength of the light beam; 
measuring the dependency on the wavelength 
of the light beam of the intensity of light reflect- 
ed or diffused by the crystal film; 
selecting an optimum wavelength for measure- 
ment depending on the type of adsorbed mol- 
ecules of the introduced material gas while the 
crystal film is being grown, by using the corre- 
lation between the rate of change of the reflect- 
ed or diffused light intensity and the film thick- 
ness per cycle; 

applying light at the optimum wavelength to the 
crystal film being grown; 
measuring a time-dependent change in the in- 
tensity of the light reflected or diffused by the 
crystal film; and 

based on the time-dependent change in the in- 
tensity of light measured, adjusting the rate at 
which the material gas is introduced into the 
crystal growth chamber (32) to control the 
growth rate cf the crystal film, the composition 
ratio of a mixed crystal thereof, and the density 
of the impurity therein. 

2. A method according to claim 1 , wherein said varia- 
ble-wavelength light source comprises a source of 
white light and a spectroscope for producing light at 
a selected wavelength from the white light. 

3. A method according to claim 1 , wherein said varia- 
ble-wavelength light source comprises a variable- 
wavelength laser beam source. 



4. A method according to any one of claims 1 through 
3, wherein said crystal growth apparatus comprises 
one of a molecular layer epitaxy apparatus, a mo- 
lecular beam epitaxy apparatus, a metal organic 

s chemical vapor deposition apparatus, a chloride 
gas phase growth apparatus, and a hydride gas 
phase growth apparatus, said crystal growth appa- 
ratus having said variable -wave length light source 
and detecting means for detecting the dependency, 

io on the wavelength of the light beam, of the intensity 
of light reflected or diffused by the crystal film and 
the time-dependent change in the intensity of light 
reflected or diffused by the crystal film. 

Patentanspruche 

1. Verfahren zum epitaktischen Zuchten eines Halb- 
leiterkristalls in einer Halbleiterzuchtungsvorrich- 
20 tung, mit den Schritten: 

Einleiten eines Materialgases und von Fremd- 
atomen oder eines Fremdatomgases in eine 
Kristallzuchtungskammer (32), urn auf einem 
25 darin befindlichen Substrat (10) einen Kristall- 

film zu zuchten; 

Richten eines Lichtstrahls von einer Lichtquelle 
(35) mit veranderlicher Wellenlange auf den auf 
30 dem Substrat (10) gezuchteten Kristallfilm un- 

ter Veranderung der Wellenlange des Licht- 
strahls; 

Messen der Abhangigkeit der Starke des vom 
35 Kristallfilm reflektierten oder gestreuten Lichts 

von der Wellenlange des Lichtstrahls; 

Wahlen einer optimalen MeBwellenlange in Ab- 
hangigkeit vom Typ der adsorbierten Molekule 
40 des eingeleiteten Materialgases wahrend der 

ZOchtung des Kristatlfilms unter Verwendung 
der Korrelation zwischen der Anderungsrate 
der reflektierten oder gestreuten Lichtstarke 
und der Filmdicke pro Zyklus; 

45 

Richten von Licht mit der optimalen Wellenlan- 
ge auf den gezuchteten Kristallfilm; 

Messen einer zeitabhangigen Anderung der 
50 Starke des durch den Kristallfilm reflektierten 

oder gestreuten Lichts; und 

Einstellen der Rate, mit der das Materialgas in 
die Kristallzuchtungskammer (32) eingeleitet 
55 wird, anhand der gemessenen zeitabhangigen 

Anderung des Lichts, um die ZOchtungsrate 
des Kristalffilms, das Zusammensetzungsver- 
haltnis eines gemischten Kristalls hieraus und 
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die Dichte der Fremdatome darin zu steuem. 

2. Verfahren nach Anspruch 1 , bei dem die Lichtquelle 
mit veranderlicher Wellenlange eine Quelle fOrwei- 
Bes Licht und ein Spektroskop zum Erzeugen von 5 
Licht mit einer ausgewahlten Wellenlange aus dem 
weiBen Licht enthalt. 

3. Verfahren nach Anspruch 1 , bei dem die Lichtquelle 

mit veranderlicher Wellenlange eine Laserstrahl- 10 
quelle mit veranderlicher Wellenlange enthalt. 

2. 

4. Verfahren nach irgendeinem der Anspruche 1 bis 
3, bei dem die Kristallzuchtungsvorrichtung eine 
Molekularschicht-Epitaxievorrichtung, eine Mole- is 
kularstrahl-Epitaxievorrichtung, eine MOCVD-Vor- 
richtung, eine Chloridgasphasen-Zuchtungsvor- 
richtung oder eine Hybridgasphasen-Zuchtungs- 
vorrichtung enthalt, wobei die KristallzGchtungsvor- 3. 
richtung die Lichtquelle mit veranderlicher Wellen- 20 
lange und eine Erfassungseinrichtung zum Erfas- 

sen der Abhangigkeit der Starke des vom Kristall- 
film reflektierten oder gestreuten Lichts von der 
Wellenlange des Lichtstrahls und der zeitabhangi- 4. 
gen Anderung der Starke des vom Kristallfilm re- 2s 
flektierten oder gestreuten Lichts umfaBt. 



Revendications 

30 

1. Proc6d6 de croissance epitaxiale d'un cristal semi- 
conducteur dans un dispositif de croissance de cris- 
tal, comprenant: 

Introduction d'un mat6riau gazeux et d'une im- 35 
purete ou d'un gaz d'impurete dans une cham- 
bre de croissance de cristal (32) afin de faire 
croTtre un film de cristal sur un substrat (10) a 
I'interieur de celle-ci; 

I'application d'un faisceau de lumiere issu d'une *o 
source de lumiere de longueur d'onde variable 
(35) sur le film de cristal en cours de croissance 
sur I e substrat (10) tout en faisant varier la lon- 
gueur d'onde du faisceau de lumiere; 
la mesure de I'influence de la longueur d'onde 45 
du faisceau de lumiere sur I'intensite de la lu- 
miere reflechie ou diffusee par le film de cristal; 
la selection d'une longueur d'onde optimale de 
mesure en fonctibn du type de molecules ad- 
sorb6es du materiau gazeux introduit au cours 
de la croissance du cristal, en utilisant la corre- 
lation entre la Vitesse de variation de I'intensite 
de la lumiere rgfiechie ou diffusee et I'epaisseur 
de film par cycle; 

I'application de la lumiere de la longueur d'onde ss 
optimale sur le film de cristal en cours de crois- 
sance; 

la mesure d'une variation en fonction du temps 



de I'intensite de la lumiere reflechie ou diffusee 
par le film de cristal ; et 
d'apres la variation en fonction du temps me- 
suree de I'intensite de la lumiere, le reglage du 
debit suivant lequel le materiau gazeux est in- 
troduit dans la chambre de croissance de cristal 
(32) afin de commander la vitesse de croissan- 
ce du film de cristal, la composition d'un melan- 
ge cristallin le constituant, et la density des im- 
puretes internes. 

Proc6d6 selon la revendication 1, dans lequel la 
source de lumiere de longueur d'onde variable com- 
prend une source de lumiere blanche et un spec- 
troscope afin de produire de la lumiere d'une lon- 
gueur d'onde selectionnee a partir de la lumiere 
blanche. 

Proc6de selon ta revendication 1 , dans lequel ladite 
source de lumiere de longueur d'onde variable com- 
prend une source a faisceau laser de longueur d'on- 
de variable. 

Procede selon Tune quelconque des revendications 
1 a 3, dans lequel ledit dispositif de croissance de 
cristal comprend un dispositif choisi dans le groupe 
comprenant un dispositif epitaxial par couche mo- 
leculaire, un dispositif epitaxial par faisceau moie- 
culaire, un dispositif de depot de vapeur chimique 
organo-m6tallique, un dispositif de croissance en 
phase gazeuse de chlorure et un dispositif de crois- 
sance en phase gazeuse d'hydride, ledit dispositif 
de croissance de cristal comprenant ladite source 
de lumiere de longueur d'onde variable et un moyen 
de detection destine a detecter ('influence de la lon- 
gueur d'onde du faisceau de lumiere sur I'intensite 
de la lumiere reflechie ou diffusee par le film de cris- 
tal et la variation en fonction du temps de I'intensite 
de la lumiere reflechie ou diff us6e par le cristal. 
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